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New  Electric  Incinerator  Design 
For  Sterilizing  Laboratory  Air 

Two  sizes  of  an  electric  air  sterilizer  designed  for  long  operational 
life  and  ease  of  maintenance  were  tested  for  effectiveness  in  sterilizing 
air  containing  heavy  concentrations  of  bacterial  spores.  Here  are  the 
results. 
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Department 

Tin;  study  of  respiratory  transmis¬ 
sion  of  infectious  diseases,  in 
which  experimental  infectious  aer¬ 
osols  arc  used,  creates  problems 
in  aerosol  containment  and  dis¬ 
posal.  These  aerosols  may  be  n 
hazard  to  laboratory  personnel 
and  to  persons  nearby. 

Similar  problems  with  infec¬ 
tious  microorganisms  arc  encoun¬ 
tered  in  handling  dried  mi- 
cronized  disease  agents  or  in  using 
small  culture  tanks. 

Experimenters  can  be  protected 
by  enclosing  the  aerosol  producing 
device  in  a  gas-tight  enclosure 
maintained  at  a  negative  pres- 
sure.’  The  air  withdrawn  from 

‘Superscript  numerals  Indirate  refer¬ 
ence*  on  p.  95. 
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sueh  an  enclosure,  however,  may 
be  highly  contaminated.  It  must 
be  sterilized,  therefore,  before  it 
is  discharged  to  atmosphere. 

Air  can  be  sterilized  by  various 
methods,  such  os  ultraviolet  radi¬ 
ation,3  filtration,*’4  and  direct 
heat."  Among  the  incinerators  that 
have  been  used  arc  an  electric 
unit  suitable  for  sterilizing  ap¬ 
proximately  1  cfm  of  air*  and  an 
electric  grid  type  of  sterilizer  cap¬ 
able  of  handling  100  cfm  of  air.T 
The  la, 'ter  type  has  bepn  used  in 
our  facilities.  This  type,  however, 
requires  the  installation  of  on  ex¬ 
tended  retention  tube.  And  when 
the  grid  breaks  down,  the  steri¬ 
lizer  must  he  removed  in  order  to 
repair  it. 
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Described  herein  is  a  design 
that  overtimes  these  disadvan¬ 
tages  by  providing  for  a  built-in- 
retention  time  and  on-sitc  main-  \ 
tenance  and  heater  replacement. 

16  and  100  cfm  Models 

The  sterilizer  design  is  scaled  to 
two  sizes.  One  sterilizes  air  in 
volumes  up  to  16  cfm;  the  other 
sterilizes  up  to  100  cfm.  As  shown 
in  Fig.  1,  each  consists  of  five 
concentric  cylinders  of  stainless 
steel  with  tubular  boaters  inserted 
into  the  central  cylinder.  The 
tubular  heaters  arc  available  from 
many  sources  in  wide  ranges  of 
ratings  and  sizes.  The  16  cfm  s*er- 
ilizer  has  two  heaters  (1750  watts. 

230  volts) ;  the  100  cfm  sterilizer 
has  six  (3000  watts,  230  volts). 

The  outside  cylinder  is  jacketed 
with  2  in.  of  insulation.  The  air  is 
drawn  in  over  the  beaters  and 
makes  five  passes  back  and  forth 
before  being  discharged  to  the 
outside.  An  internal  sensing  thcr- 
moswitch  maintains  the  tempera¬ 
ture  at  a  preset  level.  The  16  cfm 
model  is  30  in.  long  and  12  in.  in 
diameter;  the  100  cfm  model  is 
58  in.  long  and  20  in.  in  diameter. 

For  testing,  a  1  cu  meter  aerosol 
chamber  was  attached  by  a  length 
of  round  duct  to  the  input  end  of 
the  sterilizer.  An  air  stream  was 
passed  through  the  sterilizer  by 
an  electric  fan,  with  the  flow  con- 
trolled  by  dampers. 

How  Tests  Were  Run 

The  sterilizer  temperature  and 
the  air  flow  were  stabilized  at  de¬ 
sired  levels.  Air  flow  was  deter-  ■ 
mined  in  the  duct  at  the  input  end 
of  the  sterilizer  by  a  heated  ther¬ 
mocouple  anemometer.  Tempera¬ 
ture  was  measured  in  the  duet  6 
in.  from  the  discharge  by  using 
a  thermocouple  firon-constanlan) 
and  a  recording  potentiometer.  An 
aerosol  of  Bacillus  mbtilm  var. 
n/gcr  spores  was  disseminated  into 
the  aerosol  chamber  by  means  of 
a  Chieago  type  nebulizer*  Pre¬ 
vious  to  use.  the  suspension  was 
heat  shocked  at  80  C  for  15  min¬ 
utes.  The  concentration  of  viable 
spores  in  the  aerosol  (1  X  10*  per 
rti  ft)  was  determined  by  sampling 
the  contaminated  air  passing  into 


Ilcprintcd  from  Heating.  Piping  &  Air  Conditioning.  February  1961- 


S' 


1  DESIGN  of  electric'  air  sterilizer  is  illustrated  here.  Results  of  testing  with 
16  and  100  cfm  models  are  shown  in  7  ables  1  and  2. 


the  sterilizer  with  liquid  imping- 
cys,  serially  diluting  trie  impinger 
‘fluid,  and  plating  aliquots  on  corn 
steep  agar*  surfaces  contained  in 

n  ,  •  i*  »  _  p/T|  ,  •  1 
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withdrawn  at  a  distance  of  1  ft 

i* _  j.  _ *  i  r  . i 

1 1 On i  mr  i-AiiatiM  urn  ui  UK*  in* 
einerator  were  pas.-ed  through 
sieve  type  samplers  containing  a 
solid  impingement  medium.*  us¬ 
ing  a  previously  employed  meth¬ 
od.7  Plates  were  incubated  at  37 
C  for  48  hours.  Aerosol  genera¬ 
tion  and  sampling  were  continu¬ 
ous  throughout  each  30  minute 
te<t  at  each  temperature. 

Tests  Prove  Design 

The  results  of  these  experiments 
are  shown  in  Tables  1  and  2.  For 
tests  with  each  size  sterilizer,  the 
temperature  was  varied  while  air 
flow  remained  the  same.  The  de¬ 
sign  flow  rates  of  16  and  100  cfrn 
were  used  for  the  smaller  and 
larger  units,  respectively. 

The  data  show  that  the  two  ster¬ 
ilizers,  when  operated  at  design 
flow  rates,  will  sterilize  air  con¬ 
taining  aerosol  concentrations  of 
spores  of  1  X  10s  per  cu  ft.  In 
some  additional  tests  with  the 
smaller  unit  at  a  flow  rate  of  20 
cfm.  a  maximum  temperature  of 
330  F  was  recorded,  and  steriliza¬ 
tion  was  not  achieved. 

Laboratory  experiments  with  in¬ 
fectious  microorganisms  some¬ 
times  require  the  use  of  infecti¬ 
ous  aerosols,  or  such  aerosols  may 
be  accidentally  created  by  the 
equipment.  Effluent  air  from  such 
operations  must  be  sterilized.  The 
most  effective  treatment  is  incin¬ 
eration.  The  sterilizers  described 
herein  are  -tillable  for  this  pur¬ 
pose*.  The  tubular  heaters  are  long- 
lived  and  can  be  replaced  without 
disconnecting  the  sterilizer  from 
its  ductwork.  The  compact  design 
requires  no  additional  retention 
tube,  whit-  permits  installation  in 
a  small  sj  :ce. 

When  operated  at  design  air 
flow,  each  sterilizer  has  reserve 
heating  » apacity  to  allow  for  some 
variation  in  air  flow  and  tempo¬ 
rary  power  failures.  4= 


•Black  strap  molasses,  lOg;  treated 
com  steep  liquor,  30g;  agar,  20g;  dis¬ 
tilled  water,  1000  ml;  adjust  to  pH  7. 


TABLE  1 — TEST  DATA  indicate 
effectiveness  of  1 6  cfm  electric  steri¬ 
lizer  against  a  viable  spore  concentra¬ 
tion  of  1  X  JO*  per  cu  ft,  using  Bacil¬ 
lus  sublilis. 


Tempera¬ 
ture,  F 

Spore  recovet  y* 
Test  1  Test  2 

310 

+ 

+ 

320 

+ 

1 

*T 

330 

+ 

4-  - 

340 

4- 

+ 

350 

0 

+ 

360 

0 

0 

370 

0 

0 

380 

0 

0 

390 

0 

0 

TABLE  2 — TEST  DATA  indicate  ef- 
fectivness  of  100  cfm  electric  steri¬ 
lizer  against  a  viable  spore  concen¬ 
tration  of  1  X  10'  per  cu  ft,  using 
Bacillus  sublilis. 

Tempera¬ 

Spore  recovery* 

ture,  F 

Test  1 

Test  2 

376 

+ 

+ 

383 

T 

+ 

386 

0 

+ 

389 

0 

-r 

402 

0 

0 

419 

0 

0 

422 

0 

0 

■123 

0 

0 

•Recovery 

of  viable 

spores  from 

duplicate 

test:  of  30  imputes  each:'  -f  indicates  viable 
spores  were  recovered;  0  indicates  no  viable 
spores  were  recovered. 


Bibliography 

1)  Gremillion,  G.  G.,  The  Use  oj 
Ilacteria-Tight  Cabinets  in  the  Injec¬ 
tions  Disease  Laboratory,  Proceedings 
of  the  Second  Symposium  on  Gntobi- 
otic  Technology,  1960,  pp.  171-181. 

2)  Phillips,  G.  B..  and  Hand,  E.  Jr., 
Use  oj  Ultraviolet  Radiation  in  Micro¬ 
biological  Laboratories,  United  States 
Library  of  Congress,  P.B.  147043, 
Listed  in  U.S.  Gocernmcnt  Research 
Reports.  Vol.  34,  No.  2,  August  19, 
1960,  p.  122. 

3)  Decker,  11.  M.:  Harstad,  J.  B.; 
Piper,  F.  j.;  and  Wilson,  G.  E  :  Filtra¬ 
tion  oj  Microorganisms  from  Air  In- 
Class  Fiber  Media,  Heating,  Piping  & 
Air  Conditioning,  Vol.  26.  No.  5,'  pp. 
155-158  (May  1954). 

4)  Decker,  H.  M.;  Buchanan,  I..  M.: 
Hall,  L.  II. ;  and  Goddard,  K.  R.:  Air 
Filtration  oj  Microbiological  Particles, 
Public  Health  Service  Publication  No. 
953,  U.S.  Government  Printing  Office, 
Washington.  D.C.,  price  40  cents. 

5)  Sharpe.  B.  M.,  Sterilizing  Germ- 
Contaminated  Air  by  Direct  Heating, 
Industrial  Heating,  Vol.  21,  1954,  p. 
745. 

6)  Gremillion,  G.  G.;  Miller,  L.  F.; 
and  Bodmer,  G.  A.;  An  Electric  Incin¬ 
erator  for  Sterilization  oj  Small  Vol¬ 
umes  oj  Air,  Applied  Microbiology,  Vol. 
6,  1958,  pp.  274-276. 

7)  Decker,  H.  M.;  Citek,  F.  J.;  Har¬ 
stad,  M.  B.:  Gross,  N.  H-;  and  Piper, 
F.  J.;  Time  Temperature  Studies  oj 
Spore  Penetration  Through  an  Electric 
Air  Sterilizer,  Applied  M’crobiology, 
Vol.  2,  19.54,  pp.  33-36. 

8)  Rosebury,  T.,  Experimental  Air- 
Borne  Injections,  The  Williams  and 
Wilkins  Co..  Baltimore.  Md..  1958. 


MR.  HARRIS  was  chief  of  laboratories  for  the  Ralph  M.  Parsons  Co.  at  Fort  Detrick 
prior  to  assuming  his  current  duties.  Earlier,  he  served  as  research  chemist  with  sev¬ 
eral  large  companies.  MR.  GREMiLLION  has  been  closely  associated  with  biological 
safety  programs  for  many  years,  and  is  the  author  of  several  published  articles  in 
this  field.  MR.  TOWSON  was  formerly  employed  by  Technical  Engineering  Div.  and  by 
Ralph  M.  Parsons  Co.,  both  at  Fort  Detrick.  His  earlier  experience  includes  service  as 
an  engineering  consultant. 


Healing.  Piping  &  Air  Conditioning,  February  1964 


